Word count: 2286 (text) + 350 (footnotes) = 2636 words Authors' Note Abstract Previous research has shown that media violence exposure can cause desensitization to violence, which in theory can increase aggression. However, no study to date has demonstrated this association. In the present experiment, participants played a violent or nonviolent video game, viewed violent and nonviolent photos while their brain activity was measured, and then gave an ostensible opponent unpleasant noise blasts. Participants low in previous exposure to video game violence who played a violent (relative to a nonviolent) game showed a reduction in the P3 component of the event-related brain potential (ERP) to violent images (indicating physiological desensitization), and this brain response mediated the effect of video game content on subsequent aggressive behavior. These data provide the first experimental evidence linking violence desensitization with increased aggression, and show that a neural marker of this process can at least partially account for the causal link between violent game exposure and aggression. (149 words)
People today are bombarded by scenes of violence in the mass media. All forms of media have become more graphic, realistic, and violent over time (see Bushman & Anderson, 2001) , but this is especially true for video games. In the past, violent video games featured cartoonish characters and stylized blood and gore. Today, the characters, blood, and gore are extremely realistic. One possible consequence of chronic exposure to violence in the media is that people may become desensitized to it.
Desensitization theory proposes that repeated exposure to violence results in habituation of the initially negative cognitive, emotional, and physiological responses people experience when they see blood and gore (see Funk, Bechtoldt-Baldacci, Pasold, & Baumgartner, 2004; Rule & Ferguson, 1986) . This theory is supported by research showing that violent media exposure is associated with decreased cardiovascular (e.g., Carnagey, Anderson, & Bushman, 2007; Linz, Donnerstein, & Adams, 1989) , electrodermal (e.g., Cline, Croft, & Courrier, 1973) , neural (Bartholow, Bushman, & Sestir, 2006) , and empathic responses (e.g., Fanti, Vanman, Henrich, & Avraamides, 2009) during depictions of real violence.
Desensitization to violent media, in turn, has been theoretically linked to increases in aggressive behavior (see Smith & Donnerstein, 1998) . Habitual exposure to violent media may reduce aggressive inhibitions (see Huesmann & Kirwil, 2007) and empathy for the pain and suffering of others (see Mullin & Linz, 1995) , and weaken typical aversions to violence A C C E P T E D M A N U S C R I P T
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However, despite the intuitive appeal of desensitization as a plausible mechanism for increases in aggression, to date no study has demonstrated this link. That is, no previous research has specifically tested whether desensitization following media violence exposure mediates the well-known link between media violence exposure and aggression. This experiment fills this important gap in the literature.
Desensitization to media violence is believed to take a long time, presumably occurring over numerous repeated exposures (see Huesmann, Titus, Podolski, & Eron, 2003; Smith & Donnerstein, 1998) . However, experimental research indicates that desensitization can occur following relatively brief exposures. For example, one study found that participants who played a violent video game for just 20 min showed reduced cardiovascular and electrodermal responses to subsequent depictions of real violence, compared with participants who had played a nonviolent game (Carnagey et al., 2007; also see Fanti et al., 2009; Linz et al., 1989; Mullin & Linz, 1995; Strenziok et al., in press ).
In the present experiment, participants varying in levels of previous violent video game exposure played either a violent or nonviolent video game in the lab. Acute desensitization following game play was determined using the amplitude of the P300 (P3) component of the event-related brain potential (ERP) elicited by photos depicting real violence, and aggression was measured via levels of unpleasant noise blasts participants gave an ostensible opponent. Based on these ideas, we predicted that participants randomly assigned to play a violent video game would show smaller P3 amplitudes to violent images compared to participants assigned to play a nonviolent game. Following from this prediction, and given that aversive/withdrawal motivation is incompatible with aggression (see Harmon-Jones, 2003) we also predicted that participants who play a violent (relative to a nonviolent) game would subsequently behave more aggressively. Finally, we predicted that the P3 elicited by violent pictures would negatively predict aggressive behavior (see Bartholow et al., 2006) , and would mediate the relationship between violent game exposure and aggressive behavior.
Method

Participants
Participants were selected from a pool of over 2,000 undergraduates who completed a video game usage questionnaire as part of a battery of measures administered in a webbased survey. Specifically, participants listed their five favorite video games, indicated the number of hours they played each game in an average week, and then rated the violence of their content and graphics (1=not at all to 7=extremely). Previous exposure to violent video
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Violent games and desensitization 6 games was measured by summing the contents and graphics ratings for each game, multiplying the sum by the number of hours that game was played each week, and then averaging across the five games (see Anderson & Dill, 2000 ; Cronbach α = .84). We randomly selected 35 individuals scoring above the 75 th percentile and 35 individuals scoring below the 25 th percentile for the present experiment (representing high and low previous exposure groups, respectively). Participants were 18-22 years old (46% female),
were predominantly right-handed, and had normal or corrected-to-normal vision.
Procedure
Participants were told that the study concerned the effects of video games on visual perception and reaction time. After participants gave their consent, the researcher applied scalp electrodes for electroencephalogram (EEG) recording. 1 images (always neutral) and 1 "target" image, shown in position 3, 4 or 5, which was either A C C E P T E D M A N U S C R I P T
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Participants were told to think about their reactions to the images.
Following picture viewing, participants completed a competitive reaction time task (Taylor, 1967) , a reliable and valid laboratory measure of aggression that has been used for decades (e.g., Giancola & Zeichner, 1995) . Participants were told that they and an "opponent" (actually, there was no opponent; all events were controlled by a computer)
would have to press a button as fast as possible on each of 25 trials, and that whoever was slower would receive a blast of white noise (sounds like radio static) through headphones.
Prior to each trial, participants set the level of noise their "opponent" would receive, ranging from 60 dB (Level 1) to 105 dB (Level 10, approximately the same volume as a fire alarm).
A nonaggressive no-noise option (Level 0) also was provided. Participants also controlled how long their "opponent" suffered by setting the noise duration, from 0 to 2.5 sec. Prior to the competition, participants experienced sample noise blasts to ensure they knew the noise was indeed unpleasant. The "opponent" set random noise levels throughout the task.
Basically, within the ethical limits of the laboratory, participants controlled a weapon that could be used to blast their opponent with noxious noise. Finally, participants were probed for suspicion, debriefed and dismissed.
Results
Data from 3 participants were discarded due to a high proportion of EEG artifacts.
Three other participants were discarded because they did not believe they had a real opponent in the competitive reaction time task. Thus, analyses were based on data from 64 participants (32 who played a violent game). Although men were more aggressive than women, violent video game content had a similar effect on men and women. Thus, the data from men and women were combined.
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Aggression
To create a more reliable measure of aggression, noise intensity and duration levels from the competitive reaction time task were standardized and summed. We focused on noise levels set on the first trial in order to assess unprovoked aggression. Trial 1 represents unprovoked aggression because participants set those levels prior to receiving any noise blasts from their opponent. After Trial 1, levels converged on what participants believed their opponent had done (i.e., tit-for-tat responding), consistent with findings confirming the importance of reciprocation norms in determining aggressive behavior (Axelrod, 1984) .
Data were analyzed using a 2 (nonviolent vs. violent video game content) x 2 (low vs. high previous exposure to violent video games) factorial ANOVA. As expected, participants who played a violent game were more aggressive than those who played a nonviolent game, Ms=0.58 and -0.59, respectively, F (1,60)=7.7, p<.01, d=0.70 . This effect was similar in magnitude for participants low and high in previous violent video game exposure, ds=0.67 and 0.72, respectively. No other effects were significant.
Desensitization to Violence
Initial inspection of the waveforms confirmed that the P3 elicited by violent images was largest at parietal (P3, Pz, P4) electrode sites. Therefore, the P3 was measured as the average voltage 300-800 ms post-stimulus at parietal electrodes. These data were analyzed using a 2 (nonviolent vs. violent video game content) x 2 (low vs. high previous exposure to violent video games) factorial ANOVA. Violent images elicited smaller P3s among participants high in previous violent video game exposure than among those low in previous exposure, Ms=8.4 and 13.6 µV, respectively, F (1,60)=25.5, p<.001, d=1.30, consistent with previous research (Bartholow et al., 2006) . This main effect was qualified by a significant
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Violent games and desensitization 9 interaction between video game content and previous violent video game exposure, F (1, 60) =5.3, p=.025 (see Figure 1 ). Follow-up contrasts showed that participants low in previous violent game exposure who played a violent game in the lab had smaller P3 amplitudes to violent images than did their peers who played a nonviolent game, Ms=11.9
and 15.4 µV, respectively, t(30)=2. 3, p=.02, d=0.85 . Participants high in previous violent game exposure had small P3 amplitudes to violent images regardless of whether they played a violent or nonviolent game in the lab, Ms=9. 1 and 7.8 µV, respectively, t(32)=-0.88, p=.38, d=0.32 .
Neural Desensitization Mediates the Effect of Violent Video Games on Aggression
Given that video game content affected the P3 to violent images for individuals low but not high in previous violent video game exposure, we tested the hypothesis that neural desensitization to violence would mediate the effect of video game content on aggression among low-exposure participants. This hypothesis was tested using the method for singlemediator models (see MacKinnon & Fairchild, 2009 ) and bootstrapping to assess the magnitude of the indirect effect (see Shrout & Bolger, 2002) . As illustrated in Figure 2 , the P3 elicited by violent images negatively predicted aggression (i.e., smaller P3s predicted more aggression). Critically, P3s elicited by violent images remained a significant predictor of aggression when video game condition was included as a predictor in the regression model, but the direct effect of video game condition was reduced considerably. The 95% confidence interval (bias-corrected and accelerated) for the indirect effect did not include zero (0.13-1.84), indicating significant mediation. 3
Discussion
For many years, theorists have posited that desensitization to violence should increase the likelihood of aggressive behavior. Although numerous reports have shown that A C C E P T E D M A N U S C R I P T
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Violent games and desensitization 10 chronic (e.g., Bartholow et al., 2006; Cline et al., 1973) and even short-term exposure to media violence (e.g., Carnagey et al., 2007; Fanti et al., 2009 ) can lead to desensitization, no previous research has shown that acute desensitization to violence can account for changes in aggression. The current results are the first to demonstrate this link experimentally. That is, at least for individuals whose prior exposure to video game violence was low, playing a violent video game caused a reduction in the brain's response to depictions of real-life violence, and this reduction, in turn, predicted an increase in aggression. This finding also suggests that individual differences in self-reported habitual exposure to violent games are tapping into real differences in the gaming experience.
The fact that video game exposure did not affect the P3 amplitudes of high exposure participants is interesting, and suggests a number of possibilities. First, it could be that these individuals are already so desensitized that an acute exposure to violent media was insufficient to bring about further changes in their neural responses to violence (i.e., a floor effect). Second, it could be that some unmeasured factor causes both an affinity for violent media and a reduced P3 response to violent imagery in violent gamers. In either case, the fact that playing a violent video game increased aggression for both low-and high-exposure participants, but the P3 response to violence was reduced for high-exposure participants regardless of the game they played, suggests that additional mechanisms not measured here are important to consider. Future research should continue to investigate mediators of media violence effects on aggressive behavior, especially among individuals who are habitually exposed to violent media.
In summary, the present research is the first to demonstrate that acute desensitization to violence can account for the causal effect of violent video game exposure on aggression. In short, these data indicate that a brain on media violence provides one documented that men are more aggressive than women on average (Geen, 1990) , as was the case here, the capacity for violent video games to differentially affect aggressive behavior for men and women seems inconsistent, with some studies finding larger effects for men than women (Bartholow & Anderson, 2002) , and other studies finding no such gender differences (e.g., Anderson & Dill, 2000, Study 2) . 
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